Abstract
whereas the flux density is reduced to 130 mT, which is 3.5 times lower than that of NdFeB magnet.
63
That reality enforces one to consider efficient cooling strategies for the harvester magnets in the 64 designed systems. By considering the studies in the literature, it is of interest to know how the power 65 generated is related to the size of the harvester. In the vibration-based ones, the available mechanical 66 energy is associated with the mass movement through a certain distance. While that move causes both 67 parasitic damping and electromagnetic damping, the factors can be identified by the dimensions of the 68 harvesters. Typically, if the dimensions are decreased, the electrical energy generated is reduced in
69
terms of electromagnetic damping [1, 9] . On the other hand, parasitic damping can occur by material
70
and air frictions and can be a major limiter for the displacement. For the vibration-based systems, the 71 maximum electrical power is extracted when the electrical damping becomes equal to the parasitic 72 damping (D p ) [1, 9] . In this manner, the strategy should be the selection of the optimum load resistance 73 which maximizes the flux gradient in order to equalize the electromagnetic damping to the parasitic 74 one. In that case, one arrives at ܴ = D ୣ୫ Z/D ୮ − R ୡ for the optimal load value in order to produce the 75 maximal power generation. In practice, the power on the load is maximized for the electrical work. It implies that the magnetic flux Φ is the ratio of magnetomotive force F divided by reluctance R tot .
164
Since the harvester has two magnets in one flux side, one arrives at, Since there is also the second flux path, the resulting flux can be written as, The main difference in case (2) is the path decrease due to the spring vibration and that affects the To conclude, the emf relation can be found when Eq. 16 is inserted into the emf formulation in Eq. 15.
223
The total electromagnetic and mechanical equations can be written as, The experimental setup is shown in Fig. 3 respectively. In the present application, the mechanical input power can be defined by the general 255 power relation -the multiplication of applied force and velocity as follows:
The masses of coil and core are 17.4x10 -3 kg and 15.15x10 -3 kg, respectively. In that case, the proof In Fig. 6(a,b) mW. Besides, one arrives at 37.5 Ω for the optimal resistance from a fitting curve, and that yields to 320 the peak power of P peak = 10.9 ± 3.1 mW. The maximum power gradually decreases with other 321 frequencies, which are far from the natural frequency of the harvester. According to our measurements, 
Conclusions

326
The new electromagnetic harvester uses two pairs of permanent magnets and harvests P= 14 mW peak 327 power at its natural frequency f= 16 Hz for the distance of 2.5 mm to its equilibrium point. The optimal 328 power can be obtained at 40 Ω and according to the electromagnetic damping, that rate is expected to 329 be close to the impedance of the harvester. The efficiency of the harvester for optimal frequency 330 regime has been found as 36%, whereas that efficiency can change dramatically as in other harvesters 331 in the literature when the excitation frequency changes from the natural frequency of the harvester.
332
Considering the theoretical limits for the linear harvesters, the maximal efficiency should be lower 333 than 50 %. Thus, the efficiency value 36% is a good result for the offered harvester device. For the 334 future study, the power scale should be increased by using better core structures in magnetics and a 335 better geometry. 
